Introduction
In the second half of the 20 th century forest ecosystems were exposed to a strong anthropopression due to poorly controlled emissions of industrial pollutants. High level of acidic gases, particulate matter, and heavy metals deposition to ecosystems caused that Poland has been known as one of the most polluted countries in Europe with a high level of forest injury (Europe ' s Environment 1995). Enforcement of the Environmental Protection Act in Poland in early nineties based on legislative and economic instruments resulted in an improvement of the air status (GUS 2006) .
In this context it seemed relevant to determine the response of the forest ecosystems to these measures by performing integrated monitoring investigations. The aim of the integrated monitoring in the forest is to determine and predict the state of the ecosystem and its changes in a long-term perspective, with respect to the regional variation and impact of air pollutants, including effects on biota.
This paper presents the results of a research on the health status changes of trees, floral characteristics and air pollution level, which have been observed at permanent plot located in the spruce forest in the Tatrzański National Park in the years [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] .
Methods
In 1998 a permanent plot (50 x 50 m) was established on the slope of the Nosal Mountain (46   o   25`00``N, 20 o 21`00``E ) at the height of 970 m asl in 120 year old spruce stand according to (Manual of methodologies... 1994) .
Air pollution
In 1998-1999 and 2004-2005 measurements of SO 2 , NO 2 and O 3 concentration in the air were carried out on monthly basis using passive samplers (Gradko Ltd, Ogawa). Exposition filters were rinsed with distillated water. The NO 2 concentration in the solution was determined by photocolorimetric method (Spekol 11, Jena) and O 3 and SO 2 concentration by chromatographic method (Dionex DX 100, Ion-Pac AS4A column). In the same periods throughfall was collected every month. Ion chromatograhic method was used to determine SO 4 2-and NO 3 concentrations in water (Dionex DX100, IonPac AS4A column). Concentration of NH 4 + in water samples was determined using the Nessler method.
Sampling and analysis of needles
Needles were sampled in standardized way from the 7th whorl shoots of six trees. The averaged samples of current year needles were analyzed. The samples were divided into two parts. One part (10 g of fresh weight) was taken to determine the amount of heavy metals contents deposited on the needle surface, the other part was used to determine heavy metals concentration in needles. The sampling was carried out in 2002. Next year, 40 g of current year needles were taken in the same way to determine PAH deposit.
After washing with chloroform for 15 s., the needles were dried to determine the dry weight. Dust was separated from wax solution by an underpressure filtration (Sartorius filters) (Cape et al. 1989) . Filter papers with dust were mineralized with nitric acid in the MDS 2000 microvawe system. Contents of Cd and Pb were determined by a AAS method with graphite cuvette. Contents of Cu and Zn were determined by a ICP method with the ultrasonic nebulizer. The other part of the needles was ground and mineralized with nitric acid in the MDS 2000 microvawe system. Contents of Cd, Pb, Cu and Zn was determined as above.
For PAHs analysis 10 g of needles were dried at 30 o C and ground. Organic compounds were extracted from plant material using dichloromethane. PAHs were separated on florosil and analysed by HPLC (BECKMAN liquid chromatograph) using a UV detector. Identification of the separated compounds was carried out by comparing their retention times with the values obtained from a mixture of the Supelco PAH -Mixture 610 -M (Wild, Jones 1991 . Seventeen polycyclic aromatic hydrocarbons (PAHs) listed by the United States Environmental Protection Agency (US EPA) and the European Community as priority pollutants were analysed.
Health status of trees
In 1998 and 2004 the health status of trees was assessed according to the method of ICP-FOR-EST (1998). Determination of the spruce trees condition was based on the assessment of the crown defoliation and discoloration performed for 20 trees with an accuracy of 5% on each permanent plot. Defoliation and discoloration indices were calculated. Level of trees injury was determined from combination of defoliation and discoloration classes according to pattern given in Manual of methodologies ... (1994) .
Floral characteristics
In 2001 and 2006, the plant communities at the permanent plot were described. One hundred phytosociological relevés were made in the quadrates of 25m 2 in size on the plot. The percentage cover of species in each layer of phytocenosis was estimated in the following scale: 1%, 5%, 10%, 20%,...,100%. This scale seems to be more precise than the more commonly used Braun-Blanquet's scale.
In this study only vascular plant layers (tree stand, brushwood and herb) were analysed in detail. The moss layer was temporarily estimated including only dominant species. The list of species including contribution (frequency -percentage of squares with given species and range of percentage cover) of species in individual vegetation layers: A -tree, B -brushwood, C -herbs, D -mosses is presented. Nomenclature of species, was adopted after Mirek et al. (2002) , of associations after Matuszkiewicz (2001) , and of mosses after Ochyra et al. (2003) .
Results and discussion
In both measurement periods the critical level of 20 and 30 μg m 3 (UN-ECE 1998) for SO 2 and NO 2 , as well as the Polish standards of these gases for national parks 15 and 20 μg m 3 (Official Journal of Laws No. 87 item 796 of 2002), respectively were not exceeded. Maximal concentrations of SO 2 were found in the winter-time, whereas such phenomenon was not observed for NO 2 (Fig. 1, 2) . A slight decrease in the mean annual concentrations of both gases was observed in 2004-2005 compared to the period of 1998-1999 (Fig. 1, 2) .
The presented values of ozone concentration for the growing season can be compared to the ozone level of 60 μg m 3 recommended by WHO as a permissible concentration for plants for this period (Jol i Kielland 1997) . In 1999 and 2005 these values were exceeded in the Tatrzański National Park (Fig. 3) . Other investigations carried out in the same period showed the exceedance of AOT40 permissible level in this area (Bytnerowicz et al. 2004 , Godzik 2006 .
The annual loads of sulphur and nitrogen reaching the forest soil did not change during the investigation period and maintained at the level of 16 kg and 15 kg for sulfur and nitrogen, respectively. The obtained results were used to assess the exceedance of the critical acidity loads at individual sites. The values of the critical loads in the grid of 1 x 1 km were taken from (Mill et al. 2009 ). The presented data indicate that the critical load of acidity was not exceeded (Fig. 4) .
Needles and their surface can be used as a cumulative indicator (Staszewski 2004) . In this study spruce needles were used to determine PAHs and heavy metals deposit to forest.
If plant material (above-ground) contains PAHs it is considered as a result of atmospheric deposition (Jones et. al. 1989 . Deposition of PAHs on foliage is a function of their concentration in the air (Riederer 1990) . Hence, the leaves are a convenient passive sampler for monitoring concentration of PAHs in the air. Table 1 shows the spectrum of PAHs found in the spruce needles in the Tatrzański National Park where 2, 3, and 4 rings prevail in a sum of PAH compounds. The carcinogenic PAHs make about 4% of total PAHs (Tab. 2).
It was stated that the amount of heavy metals (particularly cadmium and lead) in plants and on their surface in the forest exposed to air pollutants was determined mainly by wet and dry deposition (Heinrichs, Mayer 1980 , Turner et al. 1985 , Zőttl 1985 , Szarek, Braniewski 1996 .
The concentration of Pb in spruce needles was found to be at minimal and Cd at a slightly elevated level according to a five degree scale of Arndt et al. (1987) ]. percent to the total contents of these elements in needles (Tab. 3). It testifies that the contents of heavy metals in spruce needles in the Tatrzański National Park is determined mainly by their deposit accumulated in soil for decades. It should be noted that the concentration of heavy metals deposited on spruce needles is relatively low when compared to the concentration found for other national parks: Magurski, Gorczański and Babiogórski, where these values were several times higher (Staszewski 2002) .
Tab. 1: Concentration of 17 PAHs including carcinogenic PAHs in spruce needles in the Tatrzański NP.
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The decline in the health status of spruce trees was observed at the permanent plot in the Tatrzański National Park -(mainly in the result of the decrease in number of health trees) between 1998 and 2004, however this stand can be classes as a slightly injured (Tab. 4, 5).
The permanent plot in the Tatrzański National Park is located in the lower deciduous and mixed forests zone. Syntaxonomical position of the phytocoenosis in Abieti-Piceetum association is not doubtful mainly because of location 
Conclusions
Analysis of air pollution level in the investigation area proved exceeded ozone concentration to be the factor responsible for the deterioration of the health status of spruce stand in the Tatrzański National Park. Generally, the investigation showed a stability of the forest ecosystem in the last decade. It can loom large the presence of carcinogenic PAHs in the air of the park, but this aspect of hazard needs require further investigation.
